Abstract. The high-efficiency excavation of mole cricket is associated to their motion pattern and the action mode of digging force. In this paper, we present a kinematic and mechanical test system for synchronously acquiring the excavation motion and digging force of mole crickets. This system can realize the synchronous acquisition of mechanical data and image data during the excavation of mole crickets. According to the excavation characteristics of the mole cricket, the structure of the mechanical test system was designed to realize the capturing of the digging force. Based on LabVIEW software, a host computer control interface of the software system was designed, which can realize the data acquisition, calibration and playback. A synchronous trigger module was designed to ensure the synchronism of high-speed image and digging force acquisition. The results show that proposed test system can synchronously obtain the kinematic and mechanical data of the excavation of mole crickets, and provide the equipment guarantee for further study.
Introduction
The mole cricket can achieve a high-speed excavation at a speed of 5-7 times of body length per min. The high-efficient excavation of mole crickets is associated to their motion pattern and the action mode of digging force [1, 2] . The motion pattern of the excavation of mole crickets involves wedging into the soil and expanding-pushing soil, in which no soil debris is produced [3, 4] . The study on the mechanism of the excavation of mole crickets can provide a new insight for the engineering bionic research on the small underground tunneling mechanical system, which can realize high flexibility of underground excavation, long distance digging, low vibration, high efficiency and so on [5, 6] . The data acquisition of the motion pattern and digging force of mole crickets is the basis of the engineering bionic researches. Therefore, it is necessary to build a kinematic and mechanical test system [7] . In this paper, we aim to design and build a test system for capturing kinematic and mechanical information of the excavation of mole crickets. A high-speed image acquisition equipment was employed to capture the digging movement of the mole crickets. Two mechanical sensors were employed to achieve the acquisition of the mechanical parameters of forelimbs during the excavation. An external trigger module was designed to achieve the synchronous triggering and acquisition of force and motion data. In addition, a host computer control program was designed based on virtual instrument technology to achieve data acquisition, control, display, storage and playback.
Method and Experiments

Overall Design
The diagram of the kinematic and mechanical test system is shown in Fig. 1 . The subsystem of mechanical parameters acquisition is composed of two mechanical sensors, a signal conditioning module and a data acquisition device. The image acquisition subsystem is composed of a high speed camera, a light source and related accessories. The synchronization trigger subsystem is a self-designed trigger module which can realize the synchronization triggering of the mechanical parameters measuring and the image acquiring. The host computer program in the software system is developed on the basis of LabVIEW 2012 integrated development environment [8, 9] . 
Hardware System Design
(1) Digging force testing platform. The design objective of the digging force testing platform is to measure the changes of kinematic characteristics of a mole cricket during a complete excavation cycle. According to the movement characteristics of mole crickets, we designed a tapered passageway as experimental area, so that the mole cricket can successfully reach the video capturing region [10] . We also designed a force measuring device which was based on the geometric dimensions of mole crickets and the characteristics of excavation [11] . This device consists of a fixed frame, and a pair of springs, shafts, force sensors and force plates. The sensor position can be adjusted in X-Y-Z directions (Fig. 2) . The force measuring device can ensure that the forelimbs of the mole cricket have enough space to expansion and always contact with the force plates during the excavation. Therefore the continuity of force acquisition can be achieved. In the tests, the forelimbs of the mole cricket expanded, so that the springs was compressed and transfer the digging force to the sensors. The voltage signal generated by the force sensors was recorded by the data acquisition system. (2) Data acquisition system. The input signal of the data acquisition system is the captured mV-level voltage by the sensors. The system amplifies and filters the signal by a signal conditioning module, then collects and processes the signal by a data acquisition module, and finally realizes the data processing and storing. The force sensor is a MAVIN NA6 load cell with a range of 300 g, sensitivity 0.85-1.15 mV/V, repeat accuracy of 0.02% RO. Signal conditioning module is a XR-A02 transmitter. The transmitter is powered by a 24 V power supply, and the voltage of output is 5-10 V. The data acquisition module is a data acquisition card (NI USB-6008).
(3) Image acquisition system. Insect appendages usually move with a high speed. Moreover, the average acquisition frequency of a common camera is low which leads to difficulty in accurate analysis of the captured images. Therefore, a FASTCAM SA3 high-speed camera was employed, which can achieve video capturing with a resolution of 1280×1024 frames under a photographic speed of 2000 frame/s. In the tests, the photographic speed was set at 500 frame/s. The trigger mode of the camera was external TTL signal triggering. The captured image data was stored in the built-in internal memory, and transferred to computer through a gigabit network.
(4) Synchronous trigger module. In order to realize the synchronously acquisition of digging force data and motion image data, an external trigger module was designed. The module uses DC 5V power supply and high-level trigger mode. The module can output two-way trigger signal. One way signal was connected to the TRIG TTL IN pin of the I/O port connector of the high-speed camera, and the trigger mode was the rising edge signal triggering. Another way signal was connected to the input port of the capture card [12] . When the trigger button of the synchronous trigger module was pressed, the high-speed camera and the capture card were triggered at the same time, so that the synchronously acquisition of the force data and motion image data was achieved.
Software System Design
(1) System framework. Based on modular design ideas, the LabVIEW 2012 was used to develop the digging force acquisition software, and the software was driven by NI-DAQmx. The software includes two sub-programs, including a sensor calibration program and an experimental acquisition program.
(2) Sensor calibration program. In order to accurately obtain the relationship between the collected voltage and the digging force, the hardware and software systems should be calibrated before each experiment [13] . In this paper, the static loading method was used to load and unload the sensor step by step using weights. The sensors used in the experiment were strain-type, the resistance rate of change and strain has a good linear relationship. Therefore, the algorithm of Linear Fit Coefficients.vi was used to achieve the least squares linear fitting (Fig. 3a) . After the processes of initialization and zero setting, the sensor calibration was conducted as follows. First, we enter the Calibration Tab, input the mass value of the weight in the Standard Input Value text box, and then click the "Sampling" button to get the output value. Second, we complete the scheduled weight loading and unloading process by the above steps. Finally, fitting curve can be displayed in the "Waveform", and the linear fit curve slope and intercept can be automatically calculated after clicking the "Fit" button.
(3) Experimental acquisition program. The experimental acquisition module includes a serial of functions, such as initialization, zero setting, graphical display, data acquisition and storage. At the beginning of each experiment, the initialization and zero setting should be conducted, then the sampling signal channel, external trigger channel, sampling rate, the number of samples were set, respectively etc. The software provides two types of triggering, including manual triggering and external triggering (Fig. 3b) . The external trigger function needs to cooperate with the external synchronous trigger module used by an experimental operator. During the operation, the module was manually triggered according to the motion situation of the mole cricket. The "Playback" module in the program was set up to facilitate quick and easy viewing and screening of image data after acquisition. 
Experiments
A mole cricket (Gryllotalpa orientalis) was collected from the suburban of Tianjin. The mole cricket is adult male with a body weight of 1.286 g, a body length of 42.30 mm and a body width of 7.20 mm. All the experimental apparatus were debugged before experiments. After that, the software system was started. The program initialization, zero setting and sensor calibration were prepared step by step. After that, the mole cricket was put into the channel of the experimental platform. Free crawling or inducing crawling by touching the tail hair were conducted until the forelimbs of mole cricket reached the video capturing region. The experimental operator manually pressed the synchronous trigger button to start the high-speed image capturing and force data acquisition when the mole cricket began to extent its forelimbs. After the useful information of kinematic and mechanical was acquired, the synchronous trigger button was pressed again to stop the acquisition. Fig. 4(a) shows the motion sequence of an excavation cycle. The mole cricket's foreleg stretch forward firstly along the longitudinal axis of the body, with the left and right claws insert into the gap formed by two parallel force plates. Then the claws laterally extend in the direction perpendicular to the longitudinal axis of the body until the angle between forelegs and the body reaches the maximum value of 47.4˚, with the corresponding extension force of 1.04 N (Fig. 4b) . The results show that the system can effectively capture the force and the movement of the forelimbs of mole crickets. 
Results and Discussion
Conclusions
Mole crickets possess excellent capacity of underground excavation. The research of the principle of the excavation function and the movement law of mole crickets can provide new insight for the bio-inspired underground tunneling mechanism. The efficient excavation of mole crickets is related to their motion pattern and action mode of digging force. In order to obtain the information of movement and force, a kinematic and mechanical test system was proposed, which can realize the synchronous acquisition of mechanical data and kinematic images during the excavation. The mechanics test platform can realize the real-time acquisition of the digging force of the forelimbs. The software system developed by the LabVIEW can realize the function of data calibration, acquisition and playback. Actual experiments show that this system can effectively obtain the mechanical data and kinematic images of mole crickets. This paper provides a reliable experimental method for studying the kinematics and kinematic of soil animal excavation.
